Materials
Poly(ethylene glycol) diacrylate (PEGDA, MW=700), dextran (MW=20000), sodium hydroxide, span 80, 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid (HEPES), fluorescein methacrylate and hexadecane were purchased from Sigma-Aldrich (Steinheim, Germany).
Cyclo(Arg-Gly-Asp-D-Phe-Cys) (RGD peptide) was purchased from Peptides International, Inc (Kentucky, USA). CellTracker TM red CMTPX, Hoechst 33342 and propidium iodide (PI) were purchased from Thermo Fisher Scientific Inc. (Landsmeer, Netherlands). The initiator lithium phenyl-2,4,6-trimethylbenzoylphosphinate (LAP) was synthesized as described previously. [1] NIH/3T3 cell (mouse fibroblast cells) culture line was obtained from American Type Culture Collection.
Characterization
Microfluidic experiments were performed on Axio Observer A1 inverted microscope (Zeiss, ×10 air objective) with a Zyla 5.5 sCMOS camera (Andor) at 50 fps. Size distributions, selforientation and cell loading were obtained by confocal laser scanning microscopy (CLSM, Zeiss LSM 710, ×10 and ×20 air objectives and a ×40 oil immersion objective). Mercury-arc light source (HXP 120 V,120 W) with a band pass filter 300-400 nm (peak intensity at 365 nm) was used to supply UV light. Particles morphology was checked by JEOL 6010 Scanning Electron Microscope (SEM) after freeze-drying in liquid nitrogen. Cell transport, proliferation, release and viability were obtained by Andor Inverted Microscope (Zeiss, ×20 air objective).
Fabrication of microfluidic device
The device was fabricated by PDMS (Dow Corning, Sylgard 184 elastomer kit) using soft lithography. The non-planar chip was bonded by two pieces of PDMS after oxygen plasma treatment. The channel height is about 300 μm, width is about 500 μm. The width of nozzles is about 40 μm. The device was connected to individual syringe pumps (Harvard Apparatus, 11PicoPlus) via tube (PEEK® 0.5/1.6 mm inner/outer diameter).
Formation of the crescent-shaped hydrogel microparticles
All solutions were prepared using demineralized water. Dextran (28.6% W/W) and RGD peptide (4 mg/mL) were dissolved in HEPES buffer (50 mM, pH=7) solution. PEGDA (28.6% W/W) and LAP (10 mg/mL) were dissolved in demineralized water. Surfactant (span 80, 3% w/w) was dissolved in hexadecane. These three phases were independently injected into the microfluidic device by syringe pumps. As shown in Figure S1a and S1b, Dextran and polyethylene glycol diacrylate (PEGDA) with photo initiator were used as inner phase and middle phase, respectively. Co-flows of dextran and PEGDA break up into highly monodisperse phase separated ATPS droplets in hexadecane flow. The volumetric flow rate of dextran phase was 0.03~0.1 μL/min and that of PEGDA phase was 0.1~0.12 μL/min. The volumetric flow rate of hexadecane was 12~15 μL/min. 
Measuring of ds and dl
From the bright-field microscopy image of the crescent-shaped hydrogel microparticle, the rotation of particle causes an ellipse (white dash, Figure S2 ). Since, the short diameter (ds, red line) and the long diameter (dl, white line) of the ellipse can be measured by the software. Figure S2 . Measuring of ds (red line) and dl (white line) on the bright-field microscopy image.
Modelling
We established a geometrical model (as shown in Figure S3a ) to calculate the center of mass and potential energy of the crescent-shaped hydrogel microparticle at different rotation angle.
We assume that the crescent-shaped hydrogel microparticles are formed by two spheres with two centers (2 and 3) and radiuses (R and r). A two-dimensional coordinate system was established based on the side view of the particle. The X axis is the tangent line of the big sphere of the particle, while the Y axis is along the connection between the centers of the two spheres. Therefore, the bottom point of the particle is placed at the origin of the coordinate system. Meanwhile, the rotation angle of particle is θ. From the top view, the rotation angle can be calculated as cos(θ)=ds/dl (short diameter divided by long diameter). The specific coordinates of Y0-Y6 in the side view are given in Figure S3b . 
The mass center of the particle (G, θ=0º) can be estimated by the integration along the Y axis:
Height of mass center (Equation 2): Figure S4 . The height of mass center changes for various cavity sized particles at different rotation angle.
When the particle rotates an angle of θ around the Y2 point, the center of mass G will raise and the corresponding potential energy will also increase as:
Potential energy change after rotation θ (Equation 3):
The density of PEGDA hydrogel is measured around 1.225 g/mL by Archimedes' immersion method.
7 Figure S5 . Potential energy change of particle (Fd: Fp=2: 3) with different (a) radius (R) and (b) density. Figure S8 , the RGD peptide in PEGDA phase was much more than that in dextran phase and the partition coefficient of RGD peptide in ATPS (Kp) was calculated about 2.4. It indicates that the RGD peptide prefers PEGDA phase than dextran phase. Therefore, during the cross-linking reaction, RGD peptide can diffuse from dextran phase to PEGDA phase and be immobilized in the interior of the PEGDA hydrogel particles through the thiol-ene click reaction. 14 Figure S14 . Cell proliferation and release in the hydrogel microparticle. Scale bar 50 μm.
Cell proliferation was observed with time increase. After 3 days, cells migrated from cavity to outside. After 7 days, a few cells show up on the glass slide of culture plate, most cells still stayed in the hydrogel microparticle. After 13 days, cells were completely released from the microparticles by gentle agitation of the particle-cell suspensions for around 20 to 30 min.
After cell release, the crescent hydrogel microparticle reoriented to the cavity facing up. Figure S15 . Cell viability of the cells after being released from the gel buckets. The cells were cultured from 1 day to 4 days after release, the cell viability was around 93%. Calcein AM (green) and propidium iodide (PI, red) were used to check cell live and death.
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